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Eie purpose of thi3 /:ppendi>: is to ce.orlbs a ;,e£3ure 
of effectiveness for weapon syste.T.s- e.-:pioyed against isola- 
ted point targets, or r.ore generally, viien e.-nplcyed agair.st 
t-oss categories of area targets or target cor:ple:<es ;Aich 
obey the "power la:v" . A target obeys the '^pov.-er la..-^ if the 
expected residue surviving a aultiple weapon attack can be 
expressed as the product cf the ej^ected surviving residues 
from each weapon delivered singly. 

This measure is an l^iprcvement over Pleasures that ascuae 
infinite divisibility of weapons. By includi:.g the constraint 
that ;.eapcn3 .-nay only be delivered ir. integral nu:nbers, the 
measure is .-.ore precise, and in particular avoids the large 
errors vAich can otherv,1se occur in the case cf kill 
probabilities approaching unity. 

DSHrvATION 

ae present .measure is based updn a detemi.-.ation of the 
acfraai nunber of ^.eapcns (in inventory) required to proiuce a 
specified anount of deaage against a specified t.-pe of target, 
fee -inverse cf the n'^T.ber so determined is- then chosen as th, 
nieasure of effectiveness (l^Z) . Bie neasure thus has the 
following direct significar.ce - the cost of the weapon ■ 
divided by this .v.easure of its effectiveness is si.-n?ly the 
total, cost for obta5_r.i...s the desired effect. P.-^ a single target 
cf specified tytse. 

zeros is ohosi.n'. ^- ^^^-^^ P^zzern of desired gr-ound 
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stt.-ciri-s N idor.ticai targets. Let 3 be the probability 
thst a target svirvives srrj sincle ?.ttaci-:ir.G jnissile (the single- 
shot survival probability) . Let K = [ M/i; } represent the "basic 
. coverage, -,;her£ the bracket sr.mbol is such that [ :c ] denotes the 
larsest i.nteser ccrtained i.i ::. K, therefore, represents the 
larsest nurr/oer cf v.'eapor.s which can be applied to , every target 
without erccesding the total available n-ur.ber of v.-aapons K.. 
Let L = K - denote the "excess, " the nunber of v.-eapons left 
over after applying the basic coverase to each target. Ihese 
excess missiles can then be applied to L of the targets, vmich 
then have a total i: •> l weapons, lAile the rs.T.aining - L 
targets have had Just K weapons applied to thes. The expected 
fraction of the target system survivlns is, therefore, 

S = LS^^-^- T (N - DS^ - m (1) 
'.Aere E is the eizpectsd nu.-;ber of targets in the target 
system survivins the attack and S is the e;.-pectea fraction 
of the total target syste.-a surviving the attack. Equation (l) 
can ba rev/ritten in the fom 



S = S-^ (1 - (LA) (1 . s)) 



(2) 



• If we let 3 = LAHO l) represent the fraction of the 
target syster. to viiioh ■ K + 1 weapons are applied, and let 
c = K <■ ? then a = J.;/^} represents the average nuisber of 
weapons v/hich -ast be delivered against each target in the 
target system to achieve the desired overall„efi'ect. 



- 23 - 



Appendix '=3=' to 
Enclosure ^'A'' 
i/SEC- Report Ko . 



50 



^---^cl -3^.3ure or err— 

w^..--iies5 '.ve.^s£e?-:: 



(5) 



V/hiCh must ro'/ "-a — ^- . , 

"® »o-ivea i-cr K and ^ . 

wnere the- parajnetei- ic ^, " 

observed that Squaticns a) a... 

•'^ • '"Oh" Ea-.'^t-.-- f--' • 

V-.— {-.J „j,3 ♦.j^p s'-.l.uticr. 

= ins/in S. 

'"•c- car. now deten:ar.e the paran-=ete-^ k - . 
Because Eo.uat.cns {.) ^ ' ^'^ 

it ^'^•^esral values o^ K' 

.ones that K =:ust fee the lar.=«. ...... ' ' 

K' , so that contained in 

K= fin s/in S] . 

(7) 

It remains now oniv *-r- r=.:-,„_. 

wn..- .0 ae.sralne the value r 

3 ^ , ^-^^ 1=^^- the .clution 

(3) 

Tiie foraulas may be sir.:=.i ^ . . , : 

. ■ ' -ntroducing tl-e 

-^■-.^ov.-ns r:sv, nctarion: 

= -en S/2n S ' * ' ■ ' ■■ •• 

(9)" 

° = - . 

^' -"■-■^•"s^nts the theorstioa^ ^.-.h.,. " ■ 

- - ..e weapons infinitely divisible, it 



Identical to ths er.rlier r»'s.->.o .-c,.-. ■ 

^ repre.e.ts the departure thl. theoretical nl^.l: r^^" 

integrant,. P.oa K,u.tlcn (7) „e h.ve that U] - 

so that ' " " " ^ ' 



(10) 



a - K + ^ = J. . 0 4. (1 . 5/s--3;/(i . s) 
>*-icii is sinply r^fiucec to the Torn-. 

'^ = p-- ^ - sV(i - s) . ■ (^^^ 

The t3r,v. {1 - s^/(i . s) - 0 in Sauat^o^ (1^) c^. 

- "-"-O" I—; can os regarded 
as t.3 .en., vvhich corrects the .eas^^.e of effectiveness .0^ 
the effects of the constraint to integral nu^^ers^of ^eap^nl. 

^ ^ Su::.ari=ins the prece^n,, the follo^n. set of equations 
^s .0 oe usee to determine the ..easure of effusiveness: 
V- = £ nS/C n S 

(i2a) 

" = - fuj 

(12b) 

- = a.(i-.^V(i-s) . . 

IHCLUSION Off 0?£RA?Tr>.a7. -r,^^^^ 

The inclusion of the operational factors of reliab^U^ . 
penetrability, survivability, and reprogra^^^abiDit., w-i no^-^ 
be developed. v/e s.hall recognize three subdivision, o. the 
operational reliability of a .eapon .yste., the on-launcher 

reliability denoted bv rt- T'-.r, .. 

- ..L, ^nfiigi-.x; reliability denoted 

by RP, and the tern:inal reliability denoted by rt. ^he on- 
launcher reliability, HL, denotes, the probabili., ti^t a .iss.l^ 
on-launcher .in be successful!, counted co.vn to th. ,oint of 
lift-off. The. inflight reliability, R., .^,.otes the proba- 
bility that a .issile .in perfcrn without malfunction thro... 
tne b.u.nins .:..se, and ter-nal reliability, denotes t^e'^ 
Probability that tne fissile ..ill succe3.funy'v,^,,3r and 

detonate, in c:o'dit-'o>- t— - cs-t* ^ . 

cu^-^^o.., 5:1.^21 induce the effeci; cr the 

App-ndl:; "3" to 

' - 25 - ';-port ::o. =0 



■ Will susoessrully penetrate £-57 2c';<v- ^..r,.,^-, 

Miitv, fi. bl.e prcbaMlity taat the eelivsry vehicle =ur-viv5s ar. 
^r.., att.c:: prior- to Its launch. Tinally, shall tre.t thr,. 
octrees of re:oroi.:r£.-nrnacill for the v.-eapon systc-.-r.c, "rail" 

c.^=.^,: ,,nion £.1 failures prior to bu^-R 
out are detectable and correcicble by the retai-setins of sub- 
sequent n:i.slles, partial repro,ra:,^ins ,,3 case when only 
those failures wl^ich occur prior to lift-off are i=tectable and 
correctable by retargetins of baclcup v.eapcns, and tiie case of 
no reproa-ran<.-aing .....ere each :nissile is irrevocably co^dtted to ' 
a single target frc.-a the besir^ning. 

The deterr.ination of the rneas-^-e of effectiveness, includ- 
ins these cperation para:neters, -Hi new be considered. As 
before, let 5 denote the required derate criteria (the re=-uired 
rr-min^.-^., tarset survival probability). Let SSiC? de.note the 
sinsle-shot idli probability for a successfully detonated v.eapon 
against the tarset class considered. The SSK? is, therefore, 
a function of the yield of the weapon, the deliver.' accuracy ' .. , 
of the weapon, and the target v-ulnerability only a:,d does not 
depend upon the other operational factors. Define the non- 
reprosraii-able de.^radation factor, ?.M, as foilov;s, depending 
/jpcn the decree of repro~ra.-airins ass'jned: 

KN '-4%'.%'.^ • ^ • ? i«« reprosra-in2) 

• ? (?ar>T:ial reprosra^-rdns) (13) 

("^^'■"' reprograraiins) 
n^h therefore, represents the fraction cf the orirjinal force, 
for v;hioh no correctable failures have b^en_detecte:l, which 
Will successfully detonate in the vicinity of the target. 
Let denote the reprcira^.-^.able de-radatlon facccr defined 

£3 iOllc*:s: 
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- ' i .'^v.; • --t-i.. j 



^ — - '^5-— ; — t^lCl 



-u_^ ;.w^cn iaiis m sue!: a way as 
to be d-2tectoc., and r-^r c - ,^ 

wsapons can be retarse'ced 

is;, therefore, represented b-/ 1 - pj?, 

^-s erfactlve sln^Ie-shot survival probability cf a tar-t 

r;oi. detected cr corrected ic .then 
;3lven by ' • 

(15) 

Kavins Se^r^ined S, Equations (12) are than e.plo,ad to 

la^:^=hecl" :nis=ile3 raqulrec to achieve the caesired iar-age 
^neasures S. A "succeoofully launched" nlssila .3 a., 
fissile re ..i=, e fa,,^ .^^^^^^^ ^^^^^^^^^ 

T^^e total aun^ber =f nissiies in inventor,. req.i..d to achieve 
t-3 spc-ciried c:ar.a.,e is then siven by a' = c/Hi., since 
represents the Traction cf the total inventor,- ;^ich v^i. 
••su=ce.3fuiw launched.'- Since the final ..eas.c-e^ of effec- 
tiveness desires are the reciprocal cf the final result is: 

^ (15) 

In su-n:ary, the Pleasure of coffee tlveness cf an- /-iven 
weapon syste::: against a particular target class 13 to be 
deter- nee c- t- application, in the fcno..in, ord.^ -o^ 
equations (13), (1^), (15)^ (3,2), and (16). 



1. Xd jc t::r.> -yiii-d 
is parvl::£nt. 



^^—^ '^^"^ -^--^-^ ^^:?.^:;rci7^rv:in- case 
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EFFECT OF INCREASING THE AREA OF OPERATION Of A MOBILE SYSTEM 




/""I 

'VI 

IV J 

o 



r»n :r*. 

Crt =r ~T3 — 

TTI C"> ~0 *0 

cr> I — m C3 

:::»:» its rri 

~«3 :.o CO 

- « * 

t ~ ■{ 

f .•^ 



AREA MOOILE CASE FOR INCREASED FIXED SITE SURVIVABILITY 




?M 500 
AMockiny Missiles 



5.000 



10,000 



^.r. "iitic-s Of lezh?tl lengths 
fcr a linear .-obile cyst em. 
rJcr.les3 r^tic cf attacidLn 
c^-nr.ot be used as before. 



to totc.1 Isnrths of rcac or tro.clc 
In the are- mobile cases the dinten- 
S nvLssiles/ercpected survivin- rdsiiles 
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D^TVATioM 0? r:;:E:: cost 'ra '?io^ 

LI 3? 0? SYM?0L3 

IIR = n-a]r;:>er of attaclcLns "Missiles 

M?= niiniber of Tixed missiles 

Nr^= n'u.T.b£r cz'* .-cbile rrlssiles 

S?= survivir.5 z"ixsci weapons expected 

SM = surviving r-:cbila v/eapons expected 

\ " value of a single sui-v-ivins mobile niissile 
= value of a single surviving fixed missile 

A = area vrithin v;hich a niobile sysfcen: is !:r.ovm to operavO 
L = lethal area of enemy v:eapon 

F= fraction of an area s^orviving a:i enamv attack (not covered 
to psi level desired 

ViS = number cf possible firing sites for point-to-point zoztlo 

system 

S^=. 5^-:r\'ivability of fixed site 

^m" survivability of r^obile v^eapon at targeted launching ^It* 
C«= index cost ratio. 

DISCUSSION 

1, If im missiles are la^uiacliec to cover as urJ.forr.ly a- 

possible, a set cf N? targets, then n:^. [ 1^5 i of th* 

IN? J 

targets receive an er.tra missile above" ihe [ p] missil^^ 
assigned the other targets. The expected nurr^ber cf survlvir.5 
targetc, SF, is thus given by 

1^^ ~ I Trp J/ + |NF-K:^-f [ ^ j/ 3^ ^"-^^ 

"^^^icate-Tno largest integer ccn:zined 
ac.-.e;,ea evpressicn. 

Anney. to 
Azpor.'ll::' ''C" to 
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TO =i:.jlifr_nctai:.cn, let g =|p. t. J 
plied throui-:- by £1, there is ofcteiihecl 

v/hlcn can be rsarrc^ir;5u to clve 

2. At tills J^^nct-re a iruiuber of paths is possible^ v/e have 
chcosn to emphasize the survivir^ nu.-nbers or or -mobile 

-missiles, deriving the cost ratio that n-ust exist at parity— 
that is, as nearly equal as possible expeotefi n-umbers of sur- 
viving missiles fro:: either a fl.xcd or a .-nobile force'. This 
ratio, designated c, is given by l^^. c e:.:?r3sses the 
number of fixed nlssiles chat sust be p-urci-^sable at the price 
of one ncbile :rdssile. Alternatively, C expresses the naxi.-=u.T. 
cost of .mobile :niEsiles relative to fixed nilssiles that can be 
tolerated (sines mobile and fixed systems are beir^- oonpared at 
parity in survivability) . The higher the value of fi, then, the 
more favorable appears the mobile system, since, by implication, 
. the mobile sjsten is sufficiently worthy in its survivability 
that the vraapcn buyer can stand higher and hisher relative cost 
before s-.vitchir.s I'-is preference to the fixed system. 

CASS 1 - i:rn:ur2?j 2,i2: r.?Cr?T-,y. systs?.? 

3. If Equation (I.3) be divided by and the o.uotient M 

be desisnated 5 , there is obtained 

I =|s^f^j{l-(1.5jO- [p])j _ (3.1) 

^•Jhica can be rearranged to .^ive o/g £s_a fur.ction of 3, that 
is 

± 1 ^ 6sjg^ (1 - •: . 



1/ Ea^ 



tse nonr^prosran^iable roliabilitv 

kilrprobabinty!' ^ = " "'K^ '^^^^ ?k " 
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Since ^ eo'^-'^ ( 1^ ) f HI.^ •r'-' 

pariwy constraint, and sines SM := -n,. ... . 

^02:* IrA-ainerable -obl'ie 

^veapcn 3-ste:n, £ is the desired -^a^^n 

If It. 13 considered that surviv^^•>'r f^^xe-^ -^^-i 
not bo Of .,en.ical cl-.a.acterasti=s, eirrerin,, .e.haos, 
rel.aoility, a farther paran^eter, p , ..e,- be Introduce, at tM = 
point. 



e 



5. P ^^^?=^s^"s th3 relative values of s-.rvl Vine mobl-. 
survl-^_n£ fi..ed weapons. The final expression for the cos 
raLio, vshXzh v;e denote CI, is then 

Sf^^' ^nJp'^^rr^ (5.1) 

6. This ecuaticn is susceptible to sinsle co.:nputer solution 
for va.-o..s values of 6 and s^, given the proo.r inte.^a^ 
value for ig] . fg] ,tself is rather easil,- deterruined. 
Recall Equation (3.1) 

i 1 / 

7. T:.e rlsht-hanc. side of this equation is a :nonctone 
decreasing function of g anfi reduces to 1 sP^ at integ^a^ 
values Of , . if then, the f..,ction -}s/ - 1 changes sign, 
beconiir^- negative, fcef.vsen integral values / and Jh- 1, 
the evaot value of [g] is given b?r J. 

■S. Since 16], as shovn: above, is a fvr.ctlcn of (S., 6), 
■then Ci = ?(s^, £ ) onl-- 

STyg^Jirrat^^ factor thr'ouchout and 1. 
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■ CASS S - AnSA-yCDILS sysTE;-: 

9. ir tl:e precise locations of £le,:snt3 of n .r,obile system 
are urj^.o:.^. except .--.hin a relatival,- larre area, the op.inal 
enen:y tactic is tc attempt v-Uforn, coverass of the iarce area ' 
to the extent that his tveaocn stocl^He penrdts (grantins that 
he eesires to attaclc the ...obile syste.-n) . T:.e e..pected fraction 
Of the mobile systarr. destroyed is then the fraction of the area 
covered. Since a mobile s,-sten: is generalir so.ne^vhat soft, the 
lethal raclius of an enen:y v^eapon v:ill usually far exceed its 
C3P. For th^s reason, it appears liicelr that an enemy could 
essentially pattern his weapons in a large area, acIvLevins 
afidltivs coverage for each weapon -until his total coverage 
exceeded so.-:. 50 or 60 pero=nt (one- lay.- o^" -tw r. 
spaced .-eapcns to eliminate an.^ appreciable overlao). ,!e can 

express the fraction, ?, of an area. A, surviving- under 
this rule as 



- - - A (3. - ?< 0,6) 



(9.1) 

Where L is the lethal area of a single .eapon^ ,s a v;orst 
possible case, the ene.T.7 ssisht be considered to resort to 
randcn. attack in the area, lea-^.ns a fraction s-.rvivins that 
can be approxisiated b;- 

(9.2) 

10. In the nam section of this paper v;e have presented 
res^.Its only for the fonder case (Equation (9.I)) v;hich see,r.s 
much .T.ore realistic for the general problem. 

11. Rscallins that CI = pii/g = p. IB/ST^^^p k?/SU, and 
that j;:-i= K-i . ?, vre obtain 

(11.1) 

Where ? is (preferably) given Equation (9'.!); 



^ ^;1otef rovI^Sr^^.^S^. «.-^-3*mnt of about 50 to'-So per- 
to prohibit -in-:;?5st?::;$ " sufficlentij- low levels 

Annex to 
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Hencs, 

?(^. S^, I/A) - ?(S?, >:r, s^, i/a). 

CASS SA - LI>r£AH MOBILE SY3?~?^ 

13. certain trapes or moiile systen:s inay operate in a aanner 
that presludss the concs.r,tv.al use of the area r.obile model just 
described (Casa 2). Rail or soir.e road r.cbile s--t3:ns r.ay be 
treated as linear, rather t>.an area .^cbile systenis' The attacker 
attempts to blanket the trc-.ck or road network e.-.pioysd by the 

ncbile syste:. achieving a portion of the system destroyed giver 
•t... 1 I»L • MR 

- TZ ' ''■''^•-■^ I-L is a "lethal lengtli" and TL the 

total lencth of road or rail upon vrfiich the system, is taov.-n to 
operate. Tne "lethal length" LL, is a function of yi,^ld a.id 
C2?, but for reasonably lot7 CSP's may be approicin-.ated by t;-.-ics 
the lethal radius. 

14. It is apparent that v;e can tirite a new fonnula for a 
linear :nctile syste.T: patterned after Scuaticn (11 !i) for the 
area i-noblle system: 

C2A= CI . P- 
V'hers p ' = i LI- • MH 

15.- The ider.ti cation of L vdth LL and A .-.Pith TL is 
Obvious. There is one additional feature of an attack on a 
linear n,obile systen. Jhe constraint of less than about 50 per- 
cent coverase for validity of Equation (9^1) no lonser applies. 
SlanJKtins of a line target does not involve the necessary over- 
lappinc; of circular weapon effect. patterns re'ouired to _blanl:et 
an area tai-et beyond about cO percent. ' " Kence, the upper lin-.it 
of validity for for-ula (li;.l) is well beyond 1 - ?' =£0:1. 
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15. If £ nobiia s7=tc.T. utilises presurveyed firins sites, 
n=ovir.s n-.ore or less rand=n,ly ainong a nu.-nbar of such citas/the 
enemy, lack-Ins precise intellieence cn tne instantaneous looa- ' 
tion of weapons, car. only associate ,^th each site a probabil- 
ity that a rP.oblle ^.eapon v;ill be there. Jhis procabillty is 
Elven sinply as .y =f , „^.e^e MS is the total nu^-nber of 
firing Sites the .obile syste. .ay eznploy. Tf the systern can 
"fire fro« ani-.vhere" but is restricted to a ta:o;.;n area. Case 2 
applies. If the area is untoovm or too large for attack. 
Case 1 applies. 

17. If a Hiobile weapon (vrlth Its associated .^ode of transport) 
be located at a targeted site, the nobile weapon niight still 
survive an ene.-ny weapon .1th probability sinde, in general, 

portions of a r.obile system ,vill be in transit at any ti.^e, 
that fraction of the force is guaranteed to survive (barring a 
concorr.-nitant area attack). Such a systen, is really a «,l.-ced° 
system of in.-ulnerable and v^alnerable mobile elen:ents and there- 
fore, the higher the fraction in transit the better appears thfe 
mobile cystcra against any attack.^ 

18. For case 3, we shall consider a particularly soft noblle 
weapons syste.^ and correspondingly high ene:.y nlssile post- 
launch reliability and l-ill probability, co.-nbining to give a - 
value of Sja essentially negligible. 

19. ir we recall again that 6/6 = ( M V ^ ' SM 



we can '^Tite 



only froir, cresurve-ed ■.''^e" -^-.^^ conor-rained to fire 

Will ins-are -.he neyt--- = --o; 'p- °' ^"^ ^^^^^^ 

ever. f->e cc-^ic- I"!"" I sc.r.e ti^e) or 

attack. • system in transit at the time of 

Annex to 
i^I^^ndX:: ''C" to 

=^ - - v;S£G Heport' :':o. 50 



>.-.s a Kc-n^r analoscus t;o Equation (I.3) 

for SF, that is 

^ ^ '^.'n^ ^ ^ • If^ J) / (19. 

but p' is ncv; I-JH/HS. In ter.Tis £2 6 - ^'^^ 

/ -27^^ p' Deccmes -V-^ ^ ^ 

p 

20. Case 4 (treated in th^ ^^oiio-.-^n^ > . 

~ -.1 -.1^ ^oiio;v^ng section) utilizes the 

[i^^r- 0), Case 3 considers the 

reduced ecuatic>^ v/^o^ q ■; <= c-^-^ ^ . 

5^^^ IS s.u equal :;o zero and the enemy 

utilizes at .est, therefore, only a single layer of we aeons 

P (20.1) 

21. Substituting in Equation (19,1) and multiplying by p, 
vve obtain 

P P (21.1) 

which can be rear-arr-^c nr,^-i^„. ,.• • ah? , 

a.--r.6-c, no. ins = C3 and p.5.„ 

to yield . P ' 



or 



P (21.2) 



C3 = 



1+ y^- • ^y. (21.3) 

p 



s:u......i.e. ..ur^t..er, since CI = p | , to give the 

rinal e.^ressicn 



03 = ^- 



J. + 



(21.4) 

Therefore, = p/c « \ 

- -mS^, 5^ 7) only. 



CASE) 4 — PnT/.Tn_r-i/^ T5r^ — * -^v^ 

— - ^— - ■^ -^--"0-.<r :-;CS.i.Lj: SYSTZ!.! {St='C 



0) 



22. A3 in case 3, v.-e proceed fror„ Equation (19. 2), retaining 
all terr.s. 
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.. -25. A3 tr. case 1, ■,e may solve for t^s cost ratio in of 
o.-ner paravioters obtainin:;; fincaiy 

1+ 76 5^1-^' J (1 -s^) ~ ^^3.1) 
This equation v-s solved for by calculating trial values of 
C*, say C4, by substif-ition of successive integral values o^' 
f^'], sa. until = ,,en . « . ,t .^£ht 

be noted tha. c4 = .(s^^ -y ) since , =p(ci.a) = p(s,,6) 

as shovo. previously, 

In case- 2 only (Area-J-iobile System) does the f^unctional 
relation for the cost ratio de^^and a specification of the attack- 
ing force level, (a^.d in addition, L/A) , m all other 

situations, the dimensionless rat^o. d = M - 

SF ~ speciiies 

the case. Secondary variations are obtained by choice of 
7 . S., and S^. If- p is felt to differ frcn l, the indicated 
cost ratio c should be adjusted to pc. 

25. ?or convenience, the basic equations are s'^.T.arized beiov.-. 

tg] 



1+ 5 S 



CI = e • , n . 



^ " Sf^^J + t3j S^^^'' il-s.) ^^^^--able Mobile (25. 



C2 = CI • ? 



Area-?i'obile 



(25.2) 



'TTST ?oint-Moblle = 0 (25.5) 

If 76S ^^'j (■ - S ) ?olnt- Mobile > 0. 

ra-' •, „ 

(25.4) 
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CASE 5 - II'iVUL:;Z?lA5L5 MCBIL:: VS> LI I IZAH MOBILE SY£TH-:S 

25. Since all pravicus cost ratios derived are similar in 
relating various .T.cbile syste.-ns to the fi::ec: system, there exist* 
further cost ratios not yet explicitly cerivec v.'hich relate 

the variouc t^rpes of mobile systems to each other. The present 
case derives the tolerable cost ratio that must obtain for 
equal numbers cf £*ar'/lvins missiles from an inv~j:.lnerable mobile 
system compared to a linear mobile system. 

26. If Equation (l^.l) for the linear mobile system be 
recalled 

C2A= CI . ?S .(26.1) 

and explicit relations for C2A and CI be substituted^ there 
is obtained 

m ^ ' ^ (26.2) 

The comparison base can nov; be changed from the fixed system 

to the invulnerable mobile system simply by changing NF to J^I-l' j 

Vvhu-rc NT--* refers to the invulnerable mobile system 

i' = Pf- . (26.3) 

27. As usual IVA' = SM' for the invulnerable system, vrhere 
SM*' -is the surviving mobile weapons from the invulnerable system. 

M - • ^ (27.1) 

If 05 be taken as NM/i^l-l', v;e thus obtain for the usual 
condition SM' = SK. 

C5= -—-f, . (27.2) 
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PURPCoS 

1. To in-.-estigate the conditions under v;hich fij^ed or mobile 

syster.s ars preferred on the basis of tneir relati^-e costs and 

1/ 

tneiLr survivability to enemy r.issile attack. Results of this 
Appendiic vrill be integrated v:ith other pertinent variables in 
the Main Paper of Enclosure "A** . 

2. Analytic r.odels are derived perriitting parametric cornp.ar- 
ison cf fixed versus r.oblls systems. The results are then applied 
to the MIITuTEMA:: and rCLAHIS systems . 

ASSUI-IPTIOMS 

3. It is ass'oir.ed that no missiles are launched during the 
enaiay ballistic nissile attack. They are compared on the basis 
of their survivability to the entire ene-y attack, 

4. The attacker is given credit for no intelligence on the 
precise location of TiObile weapons at the ti.T:e of his attack, 

DISCUSSION 

INTHCDUCTIQM 

5. The models developed here assirne that one prefers either an 
all-fixed or an all-niobile s^^stein^ ar^d investigate the conditions' 
under v.r.ich each is preferred. It is usually true that if con- 
ditions are specified precisely then a siih^Te system rather than 
a mix is optir:UTi^ in the Mtheraatical ' sense. There are scnie 

1/ Consideration of cos*: and survivability alone 'are sufficient 
for cor-parison of tv;o syste.T.s provided" all other oertinent 
variables (such as yield, CE? and reliability) are equal. If 
they are not equal then the analysis is appropriate for 
evaluation only if cost is replaced by an* appropriate cost/ 
effectiveness index. 
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narrov; ranseo cf ccn:l.ltions and special types of mobile systems 
for vrhich the mat heretical cpti.T.uri is s mixtiire. Purtherr.ors, 
if one is uncertain as to the characteristics of the eneny attack, 
he may assign weights to various eiieniy capabilities or attack 
levels and so arrive at a mixed systen:. However, as v;ill becouie 
apparent shortly, there exist wide ranges of enemy capability 
and attack levels for v;hich either the ;::ocile or fXxe^ systen is 
al^vays optimal. 

6. Another line of reasoning can also lead to a niixed system. 
If different uses are to be nade of surviving -weapons— different 
target types, etc. — then different t^^es of weapons miy be needed, 
each designed for its specific task. Such a mixture is generally 
a cheaper alternative than the desirn of a universal all-purpose 
weapon. Sisiilarly, if a superior syster* is available later than 
others, a niix may result, 

7. In the follovzing discussion, v.^e shall restrict ourselves 
to essentially sinillar systems designed for the same objective, 
and consider the threats or ranges of threats under which fixed 
or mobile alternatives (but not both) are the best buy. This 
approach is adequate for discussing the relative merits of fixed 
and mobile systems, but does not answer the question of an optisura 
force program. 

TgP£" 0? ?I}:ZD AIJD HC3ILS 5YSTZMS 

8. 7rrin the attacker »s point of view, the kill probability of 
his v;e.:.pcns night be thought to consist of: 

The chance that his weapon destroy a given target at 
i\:s -."rr^ng pointy and 

. -he chance that the desired target is "sufficiently near 
t..-^- ,-^x.ilng point. 
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5. The fixeci cysre-i ui:uall7 wjos hardsnir.;: to reo.ucs the first 
alternative prcbabilSty. ■ -obile syste-^., cn the other hand, 
attains its "securit;-'* by lcv:erins the second probability. That 
is, the nraltiplicity of points from v;hich the r.obile system can 
fire actually diffuses the eneny attack over a larger ars. , re- 
suitins in lov?er densities of attack and correspondingly higher 
survivability at any given point. ' 

10. In the foliov;ing discussion, then, v:e will consider fixed 
r. -tenis of relatively high sur-^-ivability, due to hardening, and 
n:VDiie systems of relatively low sur'/ivability v;hen located near 
an aiming point for an enemy v/eapon. Such mobile systenis will be 
divided into two t;>rpes. The first t^rpe {called '-point-to-point 
mobile*') achieves its survivability by the multiplicity of firing 
sites that it can employ. The e:cpected n^a.-nber of nobile nissilas 
at a given firing site is simply the total n\:i«-ber of mobile mis- 
siles divided by the total n-JTiber of possible firing sites for 
the mobile system. As the .number of firing sites per .riissile 
increases, of course, the survivability of the mobile systems 
increases. Vihen more missiles are added to this system more 
firing sites are also prepared. 

11. The second type of mobile system is constrained by the 
area in which it must operate. VJithJ.n this area, the n-omber of 
permissible firing points is assumed to be greater than the number 
of enemy aimiiig pcinrs for coverage of the entire area. ^ As the 
area of the operation of the mobile system increases, its surviva- 
bility correspondingly v;ill gain, vrnen mora- fAissiles are added 
to this system they are inserted into the constrained area, k ' 
subclass of the area-mobile s^^stem is the linear-mobile system. 
A rail or road-mcbile system might be thought best approximated . 
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by a or series of li.n.3s .^ong -.hich the syster. possessos a, 

f lre-froia-.aii:,~-;h!ere capability'-.*" 

12. If the n-.:.b£r of Independent"'^ firing points co-aid inor«'s= 
Without bo-und in the first case, the ..obile systen. v.-ould beoo.e 
essentially ln.;.^nerable siiioe the eneny attack would be infl- 
nitely diluted, m the second case, if the area of operation 
approaches infinity the enerr.y attack is correspondingly diluted 
and the vulnerability of the mobile system reduced to . zero. • 
IjETKOD OF COMPARISOM 

13. In each case mentioned above we have derived an index that 
permits conparison of .-.obiae versus fixed systems. This index, 

■ Which is a function of the nur.ber of enen:y n^ssiles to be used' 
in a counterforce role against the fi:«c or =.obiie system, 
expresses the price ratio (mobile to fi:«d) at ^vhich it is i.ndif- 
ferent which systeni is preferred. If the :P.obile system costs 
:.ore the.n the index i.™.plies, then the fixed syste:. is preferred. 
The ir.obile systeni is preferred if its cost is thought to be any 
lower value. Thus, i.n general the cost ratio index that is 
derived is some meas'^-e..of the "goodness" of the mobile syste., 

relative to the fixed system that it is ccrr^pared against. The ' 
higher this index the nore the mobile systen is to be preferred; ■ 
If the index drops below the expected actual cost ratio for a 
pair of systens, then the.fixed systen: is preferred. In the' 
fig-ores that follow, various factors that enter into the con-.pari-' 
son Of fi:«d versus mobile systems are ercplicitly illustrated. 
These factors are ccns.idered as ?rincipal__ ingredients that 
influence the survivability of eithez: systel. It sho-.ld be 
noted that factors such as yield and CH? of eneny weapons are 

^S?7rf?Z5f75^™pnobile systen.. niay be a^^i^ed 

■ a. .•tota£ "?'?4qi?=^?t^?^?,f^^«^ ^7 ccnkderlns Ine "area" 

of the enisy'we?^". th4 "-e^^-^f ^V'^'^ 

the kill radius)"^, ; -e==--ss a le-.nax length (about twice 

2/ a^-.'o firir.g points ere ■''nd=ne-n=--^ i -- 

ciently fir ^h^-'-T^;.: I'r'''- "^r^.^-^ spaced suffi- 

ensmy Ls^lt" ' cestroyed by a single 
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im.-or.ERt only insofar as th-- c— b^r. . 

D^_.y 0- Individual counts -^-v.- ^ 

_ , w.a. 3is«t oe targeted vAsn hard 

weapons or soft cobile weapons are located - ^h.- 

— c ijca-ea ui- uRese points. 

T.. ^„ t,,, ^^^^^^^^ ^^^^^^ 

1.. ..e ^ .^^^ ^^^^^^^ 

" ^ ' ""-^"^ " v^-iety Of special 

cases are presented in the figures belov;. 

Point-to -Point Mobile <;v.^.^. 
. 15. Kis..es 1 to 3 She,, the effect of changes in the ratio , 
0. total .obile .issiles to total n..ber of possible independent 
i-.ns points in a point-to-point .cbile .iss^e syste... Xn an 

"survival probability" values are single-shot s.^vivabL.- 

''les. As the number of rir-?nc: c-ir'^-. ^r,^^ 

-^--6 Fwua.-.o increases, the ratio y 

decreases and v/e le,^ 

a- - .0 Situations in .^ich .-nobile systenis 
appear more and more favorable This of 

inis ^s, of course-, reasonable 
The upper curve, i^^ere -y eouals n . ^ 

7 eouaas 0, applies to the case o^ an 

be noted that the Invulnerable .obiie syste. is preferred to the ' 
--ed syste. for all Soviet force levels beyond the intersection 
Of the curve with' the horizontal line representing the estimated ' 
cost ratio. This intersection, of co-orse, occurs at diffe^».t 
attaching force levels depending on Just v:hat one es.ti^^tes for ' 
the relative cost of .obile/fixed weapons. The various ooint-to- 
Poxnt .obile systems, characterized by value^of y ..^ate^ 
than 0, e.:>hibit .a.^. as .ay be seen in .the figure.. Thus, the 
e3ti..ated cost ratio .ay intersect the c-urve "twice. At ^o.^. 
levels Of attaching .eapons beyond the second intersection the 

f-Lxed syster. beconies mere attr^^r^t^v^ t- . 

^^^g esti.rr.ated ratio -^s 

aoove the naxiniurr. the ^-s-c^d ^-^s-;.-. 

..a s^s.eni is preferred regardless of the 

enemy force level. " — • 
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16. Tr,e e{T>ct of variations In -i-e- . 

3een i. t.ese Ti.^t t.^« -V ^ -3, - 

c... acre favorable for i-h„ 
—7 01 the fixed syste.-n Incr-ses 

17. Ov^ess fig,,,„ denK,nstrat- .k,. 
-oblle system, the 'e-e^ ' in,ralnez^=ble 

hisher the nu^.ber or " °^ survivors the 

-^Pons to it, but .in tr.-s... Z ''''' '''^^^'^ ^ 

*- to other targets. 

■ '^^^^"^^^ ^-""i- " i3 assumed ^h.t a 

m-.Ue weapon, if located at » oo-^ ' 

: always destroyed x^- ' " 

system relative to th^ - 

wisher. Pi^,,,3 , 

-3t ratio is deoend^nt o t '^^^-^'^-^ ""'^ ^ 

.e..c.nL, on the survivability of » 

. v.hen the .eapon is located at one o' 

be obse:>ved in these figures tha- '^'^ 
influential ' " ^--^-^^lity can be c.uite 

-n -.emlning the cost rat^o Tn^ ~ . 

. — — . ^« 

of primary interest , ^ • ?^-^^-^ter 

• 0Pti.-Bal enemy tactic -h= =v 

precise ir.tellig..,„= . absence of 

— s-i-^, as to artenst to b-;>-'-^- - 

«on 0. ,,,,,, ^^.^^^ / -- - or ope.-.. 

cawerrraaes the cc^-^ 

y ^±^0 interpreted 
in^CL:.ZS--r, Appendix "C" to 
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